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(57) ABSTRACT

A valve timing controller 1s provided with a first rotary ele-
ment mcluding a first gear part, a second rotary element
including a second gear part, and a third rotary element
including a third gear part and a fourth gear part. The third
gear part and the fourth gear part are meshed respectively with
the first gear part and the second gear part. A stopper 1s
provided so as to extend 1n the first rotary element 1n the radial
direction for regulating a relative rotational phase shift angle
between the first rotary element and the second rotary ele-
ment. An interposing assembler 1s provided on the second
rotary element for rotatably interposing the stoppers in an
axial direction.

19 Claims, 14 Drawing Sheets
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1
VALVE TIMING CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Applications
No. 2006-49292 filed on Feb. 24, 2006, and No. 2006-275511

filed on Oct. 6, 2006, the disclosures of which are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a valve timing controller,
and particularly to a valve timing controller for an internal
combustion engine for controlling a valve timing of at least
one of an 1intake valve and an exhaust valve which 1s opened/
closed by a camshailt by torque transmitted from a crankshaft.

BACKGROUND OF THE INVENTION

There 1s conventionally known a valve timing controller
for shifting a relative rotational phase between two rotary
clements, which rotate respectively 1n response to the crank-
shaft and the camshatt, by a differential gear system com-
posed mainly of a planetary gear.

For example, DE-4110195C2 discloses a valve timing con-
troller which includes a sprocket as one rotary element rotat-
ing 1n response to a crankshaft, and a gear part as the other
rotary element rotating in response to the camshatt, having a
differential gear system composed mainly of a planetary gear
between the sprocket and the other rotary element. Further, a
stopper 1s provided in the sprocket and the gear part for
regulating a phase shiit angle of a relative rotational phase of
the gear part to the sprocket. A planetary motion due to
engagement ol an 1internal gear part located in an inner wall of
the sprocket and an external gear part located 1n the planetary
gear of the gear part 1s converted mto a relative rotational
motion of the gear part to the sprocket. In addition, the gear
part moves freely 1n the thrust direction to the sprocket and 1s
nearly 1n a free state.

SUMMARY OF THE INVENTION

In the conventional art, the gear part and the sprocket are
regulated of their phase shift angles, but the thrust direction
movement 1s not regulated. There 1s, therefore, a possibility
that the gear part and the sprocket are inclined comparatively
largely 1n the thrust direction by transmission of the torque by
the planetary motion of the external gear part and the internal
gear part. In particular, when the relative rotational movement
1s performed 1n high velocity, there 1s a possibility that a
minor irregular friction may be caused by colliding of the gear
part with the sprocket. As a result, because of the generation
of the minor 1rregular friction, there may be a possibility that
the normal relative rotational movement state 1s not main-
tained.

Furthermore, since the gear part and the sprocket collide
with each other 1n a state both of them being 1n inclined state,
as described above, a stress 1s locally increased at the meshing
teeth each other or the like, causing a factor of abrasion or
damage.

The present invention 1s made 1n view of such circum-
stances, and an object thereof 1s to maintain a normal relative
rotational movement by a planetary motion even when the
relative rotational movement 1s performed 1n high velocity in
the differential gear system mainly comprised of the plan-
ctary gear.
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Moreover, another object of the present invention 1s to
provide a valve timing controller capable of maintaining a
normal relative rotational movement by the planetary motion,
as well as of maintaining a normal operating state of an
internal combustion engine, even when the relative rotational
movement 1s operated 1n high velocity.

According to an aspect of the present mnvention, a valve
timing controller 1s provided for controlling a valve timing of
at least one of an intake valve and an exhaust valve which 1s
opened/closed by a camshait by torque transmitted from a
crankshatft.

The valve timing controller has a first rotary element
including a first gear part for rotating in response to one of the
crankshait and the camshaft, a second rotary element includ-
ing a second gear part neighboring to the first gear part in the
axial direction for rotating in response to the other of the
crankshaft and the camshaft. The valve timing controller has
a third rotary element including a third gear part and a fourth
gear part. The third gear part and the fourth gear part are
meshed respectively with the first gear part and the second
gear part. The planetary motion of the third rotary element
varies the relative rotational phase between the first rotary
clement and the second rotary element.

The valve timing controller further comprises a stopper
radially extending 1n either one rotary element of the first
rotary element and the second rotary element, for regulating a
relative rotational phase shift angle between the first rotary
clement and the second rotary element. The valve timing
controller further comprises an interposing assembler pro-
vided either at the other rotary element or between the other
rotary element and the third rotary element for relatively
rotatably interposing the stopper of the one rotary element in
the axial direction.

In this way, it 1s possible to regulate the thrust direction
movement of the one rotary element relative to the other
rotary element through the stopper interposed by the inter-
posing assembler in the axial direction, as well as to regulate
the relative phase shift angle in these relative rotational move-
ments.

Accordingly, even when the relative rotational movement
1s performed 1 high velocity, the normal relative rotational
movement state by the planetary motion can be maintained
without causing the minor irregular friction between the first
rotary element and the second rotary element.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features, and advantages of the present
invention will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, 1n which like portions are designated by like
reference numbers and 1n which:

FIG. 1 1s a cross section showing a valve timing controller
according to a first embodiment of the present invention;

FIG. 2 15 a cross sectional view of the valve timing con-
troller taken along a line II-1I in FIG. 1;

FIG. 3 15 a cross sectional view of the valve timing con-
troller taken along a line III-1II 1n FIG. 1;

FIG. 4 1s a cross sectional view showing the valve timing,
controller taken along a line IV-1V 1n FIG. 1;

FIG. 5 1s a cross section view showing the valve timing
taken along a line V-V 1n FIG. 1;

FIG. 6 1s a side elevation view showing the valve timing
controller;

FIG. 7 1s a partial cross section showing a valve timing
controller according to a second embodiment of the present
invention;
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FIG. 8 1s a cross section showing a valve timing controller
according to a third embodiment of the present invention;

FIG. 9 1s a cross section showing a valve timing controller
according to a fourth embodiment of the present invention;

FI1G. 10 1s a cross section showing a valve timing controller
according to a filth embodiment of the present invention;

FIG. 11 1s a cross-sectional schematic view for explaining
a characteristic portion of the valve timing controller accord-
ing to the fifth embodiment of the present invention;

FI1G. 12 1s a cross section showing a valve timing controller
according to another embodiment of the present invention;

FI1G. 13 1s a cross section showing a valve timing controller
according to another embodiment of the present invention;
and

FI1G. 14 1s a cross section showing a valve timing controller
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinalter, embodiments of the valve timing controller
according to the present invention preferably implemented 1n
a valve timing controller of an internal combustion engine
(heremafiter referred to as “engine”) will be described with
reference to the drawings.

First Embodiment

As shown 1in FIG. 1, a valve timing controller 1 1s provided
in a transmission system which transmits engine torque to a
camshaift 2 from a crankshait of the engine. The valve timing
controller 1 adjusts the valve timing of an intake valve of the
engine by shifting a relative rotational phase between the

crankshaft and the camshatt 2.

The valve timing controller 1 1s provided with a driving-
side rotary element 10, a driven-side rotary element 20, a
control unit 30, a planetary frame 40, and a planetary gear 50.

The driving-side rotary element 10 and the driven-side
rotary element 20 jointly form an accommodating space 11
tfor the planetary frame 40, the planetary gear 50, and the like
inside thereof.

As shown 1n FIGS. 1 and 3, the driving-side rotary element
10 1s constituted by coaxially assembling a tubular gear mem-
ber 12 with a bottom and a two-stepped tubular sprocket 13.
On a peripheral wall part of the gear member 12, a tip circle
forms a driving-side internal gear part 14 existing on the inner
peripheral side of a bottom circle. The gear member 12 1s
fixed by screwing to the sprocket 13 1n a state where an outer
peripheral wall of the driving-side internal gear part 14 1s
engaged with the inner peripheral wall of a larger diameter
portion 15 of the sprocket 13. In a step part 17 connecting,
between the larger diameter portion 15 and a smaller diameter
portion 16 1n the sprocket 13, a plurality of teeth 17a are
provided 1n a form extruding to the outer periphery side, and
an annular timing chain 1s wound around between these teeth
17a and a plurality of teeth of the crankshaft. Therefore, when
the engine torque outputted from the crankshait 1s mputted
into the sprocket 13 through the timing chain, the driving-side
rotary element 10 moves with the crankshafit to rotate around
a rotational axial line O keeping the relative phase relative to
the corresponding axis. The rotational direction of the driv-
ing-side rotary element 10 1s a counterclockwise direction 1n
the present embodiment as shown 1n FIG. 3.

As shown 1n FIGS. 1 and 4, the driven-side rotary element
20 1s of atubular type with a bottom, and 1s coaxially arranged
with the driving-side rotary element 10 and the camshait 2. A
bottom wall part of the driven-side rotary element 20 forms a
fixed portion 21 which 1s fixed by a bolt on an end part of the
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camshaft 2. By the bolt fixation, the driven-side rotary ele-
ment 20 can rotate around the rotational axial line O keeping
the relative rotational phase to the corresponding camshait 2,
moving together with the camshaft 2, and can rotate relative
to the driving-side rotary element 10. The relative rotational
direction toward which the driven-side rotary element 20
advances relative to the drniving-side rotary element 10 1s
called advance direction X. The relative rotational direction
toward which the driven-side rotary element 20 retards rela-
tive to the driving-side rotary element 10 i1s called retard
direction Y.

The peripheral wall part of the driven-side rotary element
20 has a driven-side internal gear part 22, in which the tip
circle exists on the inner periphery side of the bottom circle,
formed thereon. Here, the inside diameter of the driven-side
internal gear part 22 1s set smaller than the 1nside diameter of
the driving-side internal gear part 14. The number of the teeth
of the driven-side 1nternal gear part 22 1s set smaller than the
number of the teeth of the driving-side 1nternal gear part 14.
The outer peripheral wall of the driven-side internal gear part
22 15 engaged with the smaller diameter portion 16 and the
inner peripheral wall of the step part 17 in the sprocket 13,
thereby the driven-side rotary element 20 relatively rotatably
supports the driving-side rotary element 10 from the inner
periphery side.

In the driven-side internal gear part 22, a flange part 23
protruding toward the outer periphery side 1s provided on an
end part opposite to the fixed portion 21. The flange part 23 1s
interposed tightly between an end surface 24 of the driving-
side internal gear part 14 and an end surface 25 of the step part
17, which oppose with each other 1n the axial direction. By
this tightly mterposed form, in the driven-side internal gear
part 22, both surfaces 28 and 29 of the flange part 23 relatively
rotatably contact with the end surfaces 24 and 25 facing
toward the axial direction of the driving-side rotary element
10. The driven-side internal gear part 22 neighbors the driv-
ing-side internal gear part 14 with a deviation 1n the axial
direction 1n a state where the axial direction relative displace-
ment 1s regulated. The tlange part 23 regulates the axial rela-
tive displacement and the relative rotational direction dis-
placement of the driven-side internal gear part 22.

It should be noted that a structure of the flange part 23
which regulates the axial relative displacement and relative
rotational direction displacement of the driven-side internal
gear part 22 will be described later.

As shown 1n FIG. 1, a control unit 30 1s comprised of an
electric motor 32, an electric current control circuit 33. The
clectric motor 32 1s arranged on the opposite side of the
camshaift 2 with respect to the rotary elements 10 and 20. The
clectric motor 32 1s an electric motor, for example, a brushless
motor and the like, and includes a motor case 31 fixed to the
engine via a stay (not shown) and a motor shait 34 supported
rotatably 1n direct and reverse directions by the motor case 31.

The electric current control circuit 33 1s formed of an
clectric circuit such as a microcomputer and the like, 1s
arranged outside or inside of the motor case 31, and 1s elec-
trically connected with the electric motor 32. The electric
current control circuit 33 controls an electric current flow to a
coil (not shown) of the electric motor 32 in accordance with
an operating condition and the like of the engine. By the
clectric current control, the electric motor 32 forms a rotating
magnetic field around the motor shait 34, and outputs rotating
torque 1n the directions X and Y (refer FIG. 5) in accordance
with the direction of the rotating magnetic field from the
motor shait 34.

As shown 1n FIGS. 1 and 5, an input part 41 ofthe planetary
frame 40 1s of a tubular type coaxial with the rotary elements
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10, 20 and shafts 2, 34, and 1s fixed to the motor shaft 34 via
a joint 42. By this fixing, the planetary frame 40 can rotate
around the rotational axial line O moving together with the
motor shaft 34, and can rotate relative to the driving-side
rotary element 10. The mput part 41 1s arranged on the inner
periphery side of a center hole 19 which axially penetrates
through the bottom wall part 18 of the gear member 12, and
supports the driving-side rotary element 10 through a bearing
43 from the mner periphery side of the center hole 19.

As shown 1n FIGS. 1 and 3, 1n the planetary frame 40, an
eccentric part 44 which locates closer to the fixed part 21 than
the input part 41 1s of a tubular type 1n which the outer
periphery wall 1s ofi-set relative to the rotary elements 10, 20
and shatts 2, 34. The eccentric part 44 1s arranged on the 1nner
periphery side of the center hole 51 which axially penetrates
through the planetary gear 50, and supports the planetary gear
50 through the bearing 45 from the 1nner periphery side of the
center hole 51. By this supporting, the planetary gear 50 can
rotate around the eccentric axial line P which 1s the central
axial line of the outer periphery wall of the eccentric part 44,
and can rotate toward the rotational direction of the eccentric
part 44. In other words, the planetary gear 30 1s arranged to be
capable of performing the planetary motion.

As shown 1n FIGS. 1 to 4, the planetary gear 50 15 of a
two-step tubular type, and the tip circle forms the driving side
external gear part 52 and the driven side external gear part 54
existing on the outer periphery side of the bottom circle
respectively by the larger diameter portion and the smaller
diameter portion. Here, the number of the teeth of the driving
side external gear part 52 1s set smaller by a predetermined
number N (one, 1n this embodiment) than the number of the
teeth of the driving-side internal gear part 14. The number of
the teeth of the driven side external gear part 54 1s set smaller
by the predetermined number N than the driven-side internal
gear part 22. Accordingly, the number of the teeth of the
driven side external gear part 34 1s smaller than the number of
the teeth of the driving side external gear part 52. The driving,
side external gear part 52 1s arranged on the 1nner periphery
side of the driving-side internal gear part 14, and meshed with
a part of the gear part 14. Further, the driven side external gear
part 54 which 1s located closer to the fixed part 21 than the
driving side external gear part 52 1s arranged on the inner
periphery side of the driven-side internal gear part 22, and
meshed with a part of the gear part 22.

Furthermore, as shown 1n FIG. 1, the eccentric part 44,
which supports the planetary gear 50 through the bearing 45
from the mmner periphery side of the center hole 51 are
engaged with the bearing 45 by an clearance 1nlay. A clear-
ance 1s formed between the outer periphery 44a of the eccen-
tric part 44 and the inner periphery 45a of the bearing 45.
Accordingly, the driving side external gear part 52 and the
driven side external gear part 534 are movable 1n the axial
direction between the driving-side internal gear part 14 and
the driven-side internal gear part 22. The planetary gear 50
regulates a movement in one direction 1n the axial direction
(left side in FIG. 1) by an engagement part 49 provided in the
planetary frame 40 through the bearing 45.

It should be noted that in the embodiment described here-
inafter, the planetary gear 50 and the bearing 45 are supported
by the planetary frame 40 1n a state the bearing 43 1s contacted
on the engagement part.

Further, on the opposite end of the engagement part 49 of
the planetary gear 50, an engagement member 69 such as a
snap ring or the like 1s provided on the outer periphery 44q of
the planetary frame 40 through a spacer 67. The planetary
gear 30 and the spacer 67 are interposed 1n the axial space
between the engagement part 49 and the engagement member
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69, for forming an axial clearance (thrust clearance) 1n the
axial space. By selecting an axial width of the spacer 67 at a
predetermined width, the axial clearance (thrust clearance) 1s
formed as a prescribed clearance.

It should be noted here that two guide holes 70 are formed
on the fixed part 21 to guide a lubricating o1l for the engine
which 1s a lubricating fluid into an inside space 11 of the
rotary elements 10 and 20, as shown 1n FIGS. 1 and 6. These
guide holes 70 are respectively provided at two locations
which are symmetrical each other with respect to the rota-
tional axial line O, and are arranged at equal intervals 1n the
circumierential direction of the fixed part 21 which coincides
with the common circumierential direction of the internal
gear parts 14 and 22. At respective guide holes 70, upstream
side orifice parts 72 are long and 1n a flat slotted-hole shape 1n
the radial direction of the fixed part 21. Here, the entrance
parts of the orifice part 72 are communicated with a corre-
sponding one out of two supply holes 5 to which the lubri-
cating o1l 1s discharged for supplying from a pump 4 1n the
camshaift 2, and a flow-path area of the orifice part 72 1s more
reduced than the flow-path area of the corresponding supply
hole 5.

Furthermore, a guide part 74 located at the downstream
side of the orifice part 72 1n each guide hole 70 1s 1n a
tubular-hole shape extending in the axial direction of the fixed
part 21. Here, an outlet part of the guide part 74 1s open further
toward the 1nner peripheral side than a tip circle 86 of the
driven-side internal gear part 22, thereby communicating
with the mside spaces 11 of the rotary elements 10 and 20.

As shown 1n FIGS. 1, and 5, 1n the gear member 12, nine
discharge holes 80 for discharging the lubricating o1l to the
outside from the 1nside spaces 11 are formed at a bottom wall
part 18 located at the opposite side of the fixed part 21 inter-
posing the differential gear system 60. These discharge holes
80 are mutually arranged with prescribed intervals in the
circumierential direction of the bottom wall part 18 which
coincides with the common circumierential direction of the
internal gear parts 14 and 22, and respectively exhibit tubular
hole shape penetrating through the bottom wall part 18 1n the
axial direction. Here, the outlet part of the discharge hole 80
1s open toward the outside space between the bottom wall part
18 and the electric motor 32. Moreover, the entrance part of
the discharge hole 80 1s open toward a tooth groove 88 of the
driving-side internal gear part 14, thereby communicating
with the inside space 11.

By the arrangement described above, 1n the inside space 11
of the rotary elements 10 and 20, the differential gear system
60 which 1s formed by combining the driving-side internal
gear part 14 with the driven-side internal gear part 22 through
the planetary gear 50 1s formed on the outer periphery side of
the eccentric part 44. Then, in the differential gear system 60,
when the planetary frame 40 does not rotate relative to the
driving-side rotary element 10, the planetary gear 50 rotates
together with the rotary elements 10 and 20 while maintain-
ing meshed positions of the external gear parts 52 and 54 with
the internal gear parts 14 and 22. As a result, the relative
rotational phase between the rotary elements 10 and 20 1s
maintained, thus the valve timing 1s also maintained. On the
other hand, when the planetary frame 40 is rotated 1n the
advance direction X with an increase of the rotational torque
in the X direction, the driven-side rotary element 20 rotates 1n
the advance direction X.

Accordingly, the valve timing 1s shifted toward the advance
side. Furthermore, when the planetary frame 40 1s relatively
rotated 1n the retard direction Y due to the increase of the
rotational torque 1n the Y direction and an abrupt stop of the
clectric motor 32, the driven-side rotary element 20 rotates 1n
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the retard direction Y relative to the driving-side rotary ele-
ment 10, by operating the planetary gear 50 in the planetary
motion while shifting the meshing positions of the external
gear parts 32 and 54 with the internal gear parts 14 and 22.
Accordingly, when the valve timing 1s shifted toward the
retard side, and particularly when the electric motor 32 1s
abruptly stopped, the valve timing of the most retard phase
which enables starting of the internal combustion engine can
be realized.

A characteristic portion of the valve timing controller 1
will be described 1n more detail.

A flange part 23 of the driven-side internal gear part 22 1s,
as shown 1 FIGS. 1 and 2, constituted of circular protrusion
parts (heremafter referred to as “stoppers™) 23A, 23B, and
23C 1n the circumfierential direction.

As shown in FIGS. 1 and 2, a flange groove 71 extending in
the circumierential direction along the inner periphery
thereol 1s provided on the inner periphery part of the inner
wall of the driving-side rotary element 10. The flange groove
71 1s circularly open toward the outer periphery of the driven-
side internal gear part 22, as shown in FIG. 2. The flange
groove 71 1s constituted of three pieces of the circular guide
grooves (hereinafter referred to as “stopper grooves™) 7T1A,
71B, and 71C which mterposes the respective stoppers 23 A,
23B, and 23C in the opening part.

In particular, the respective stopper grooves 71A, 71B, and
71C are formed, as shown in F1G. 1, on the inner periphery of
the step part 17 of the sprocket 13 in the driving-side rotary
clement 10 having the gear member 12 and the sprocket 13.
The respective stopper grooves 71A, 71B, and 71C are, as
shown in F1GS. 1,2, and 4, formed by being partitioned by the
axial end surface 25 of the groove and an axial end surface 24
of the driving-side internal gear part 14. As a result, the axial
end surface 24 of the driving-side internal gear part 14 can be
used as a thrust receiving surface of the stoppers 23A, 23B,
23C, while having the driving-side internal gear part 14, of the
driving-side rotary element 10 neighbored 1n the axial direc-
tion to the driven-side internal gear part 22 having the stop-
pers 23A, 23B, 23C of the driven-side rotary element 20.
Accordingly, when the driving-side rotary element 10 1s
formed by assembling the gear member 12 with the sprocket
13, the stoppers 23A, 23B, and 23C of the driven-side rotary
clement 20 can be easily interposed.

However, the stoppers 23A, 23B, and 23C preferably
extend circularly along the relative rotational direction of the
driving-side rotary element 10 and the driven-side rotary
clement 20. Thereby the relative rotational phase of the driv-
ing-side rotary element 10 relative to the driven-side rotary
clement 20 can be smoothly shifted within the range of the
relative rotational shift angle.

Further, the stoppers 23A, 23B, and 23C are arranged over
the circumierential direction, and thereby the thrust direction
movement of the driven-side rotary element 20 having the
stoppers described above can be stably regulated relative to
the driving-side rotary element 10.

When the multiple stoppers described above are arranged
over the circumierential direction, 1t 1s preferable that the
stoppers 23A, 23B, and 23C are arranged substantially at
equal 1ntervals over the entire circumierence. Thereby the
thrust clearance, which indicates a thrust direction movement
quantity of the driven-side rotary element 20 relative to the
driving-side rotary element 10, can be made uniform over the
entire circumierence in the relative rotational direction.

The respective stoppers 23A, 23B, and 23C protrude 1n the
inside of the stopper grooves 71A, 71B, and 71C, and extend
shorter than the lengths 1n the circumierential direction of the
respective stopper grooves 71A, 71B, and 71C, which are
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formed 1n predetermined circular shapes. The respective
stoppers 23 A, 23B, and 23C are movable 1n the circumieren-
t1al direction 1n the respective stopper grooves 71 A, 71B, and
71C, and are capable of shifting the relative rotational phases
relative to the respective stopper grooves 71A, 71B, and 71C.

The shifting possible angle of the relative rotational phase
(heremafiter referred to as “‘relative rotational phase shift
angle™) of each stopper 23 A, 23B, 23C relative to each stop-
per groove 71A, 71B, 71C 1s determined by the difference in
the circumierential length between the stopper groove 71A,
718, 71C and each stopper 23 A, 23B, 23C.

However, 1n the relatively rotating rotary elements 10, 20,
the respective stoppers 23A, 23B 23C may simultaneously
collide with the circumiferential end surfaces of the respective
stopper grooves 71A, 71B, 71C 1n the advance direction X
and the retard direction Y. Alternatively, one pair out of
respective pairs of the stoppers 23A, 23B, 23C and the stop-
per grooves 71A, 71B, 71C may collide therebetween.

In the description of the embodiment hereinafter, one pair
composed of the stopper 23C and the stopper groove 71C
collides 1n the advance direction X and the retard direction'Y.
As shown 1n FIG. 2, 1n a case that the clearances of the
circumierential direction length between the stoppers 23 A,
23B, 23C and the stopper grooves 71A, 71B, 71C are set at
day, oby, and ocy 1n the retard direction Y, the clearances day,
oby, and dcy are set such that, when 1t 1s set at d5cy=0 where the
stopper 23C collides with the stopper groove 71C, other pairs
are set to have the clearances expressed by day>0 and oby>0.
Furthermore, similarly, 1n the advance direction X, 11 they are
set at dax, Obx, and ocx, when 1t 1s set at dcx=0 where the
stopper 23C collides with the stopper groove 71C, the other
pairs are set to have the clearances expressed by dax>0 and
Obx>0.

In this way, the stopper 23C and the stopper groove 71C
regulate the relative phase shift angle 1n the relative rotational
movement ol the driving-side rotary element 10 and the
driven-side rotary element 20.

It should be noted that the sizes of the clearances between
day and oby, and dax and dbx may have values which are
substantially the same or different. Furthermore, the differ-
ence of day, the difference between dby and day, the differ-
ence of dax and the difference between obx and dax are
preferably set within a range of a predetermined difference.
Thereby, 1n addition to the pair of the stopper 23C and the
stopper groove 71C, even in other pairs of the stoppers 23A
and 23B of the stopper grooves 71A and 71B, a function of
regulating the relative phase shift angle in the relative rota-
tional movement of the element 10 and the element 20 can be
achieved. Accordingly, with the stoppers 23 A, 23B, 23C and
the stopper grooves 71A, 71B, 71C 1n these pairs, reliability
of the function of regulating the relative phase shift angle
described above can be improved.

Even i1 there 1s a case where, for example, the stopper 23C
ol one pair are damaged or the like, since the relative phase
shift angle can be regulated by the stoppers 23A and 23B of
the other pairs, normal operating state of the engine can be
maintained. It should be noted that, here, the predetermined
difference means a prescribed difference which can maintain
the normal operating state of the engine, even when a devia-
tion of the relative rotational shift angle 1s caused by the
difference of day, and the difference with dax.

Moreover, 1nthe embodiment, the respective stoppers 23 A,
23B, 23C are preferably arranged substantially at equal 1nter-
vals over the entire circumierential 1n the relative rotational
direction.

Furthermore, in the embodiment, an urging member 68 for
urging the planetary gear 50 toward the engagement part 49 1s
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preferably provided. In particular, the urging member 68 1s
formed of a spring member, for example, a coned disc spring
or the like, and 1s interposed between the spacer 67 and the
engagement member 69. In the following description of the
present embodiment, the coned disc spring i1s used as the
urging member 68.

The urging member 68 1s formed on the substantially annu-
lar-shaped coned disc spring, and the mnner periphery 68a
thereot 1s removably mounted on an outer periphery 44c¢ for
engagement use formed on a right end side of the outer
periphery 44a of the eccentric part 44. Further, the engage-
ment member 69 1s arranged to be mounted on the step part
444 tormed on the outer periphery 44¢, and the urging mem-
ber 68 1s interposed between the spacer 67 and the engage-
ment member 69, namely 1n an axial clearance (thrust clear-
ance), by mounting and engaging the engagement member 69
to the step part 44d. As a result, the axial clearance (thrust
clearance) 1s buried by spring detlection of the urging mem-
ber 68.

In the embodiment described above, on the sprocket 13 of
the driving-side rotary element 10, a thrust groove 71C 1s
provided to accommodate the driven-side rotary element 20
s0 as to relatively rotate thereto and interposes the driven-side
internal gear part 22 1n the axial direction. On the driven-side
internal gear part 22, the stopper 23C 1s provided to circularly
extend along the inside of the thrust groove 71C and enable a
predetermined relative phase shift angle.

By such arrangement, the relative phase shiit angle in the
relative rotational movement of the element 10 and the ele-
ment 20 1s regulated by the stopper 23C and the thrust groove
71C. The thrust direction movement of the driven-side rotary
clement 20 relative to the driving-side rotary element 10 can
be regulated through the stopper 23 circularly extending
along the mside of the thrust groove 71C.

Accordingly, even when the relative rotational movement
1s performed 1n high velocity, the minor irregular friction
between the driving-side rotary element 10 and the driven-
side rotary element 20 does not occur, and the normal relative
rotational movement state by the planetary motion can be
maintained.

Furthermore, 1n the embodiment, the stopper groove 71C 1s
arranged to have an opening so as to extend 1n the circumfier-
ential direction along the inner periphery part of the driving-
side rotary element 10. Hence, 1t can be made as the guide
groove of a circular type, which opens within a predetermined
circumierential range along the inner periphery of the iner
peripheral part of the driving-side rotary element 10. Thereby
the relative rotational movement can be regulated on the
circumierential end surface inside the thrust groove 71C rela-
tive to the stopper 23C which relatively rotates along the
inside of the thrust groove 71C. The relative phase shift angle
in the relative rotational movement can be regulated by the
stopper 23C and the thrust groove 71C.

Moreover, 1n the embodiment, a plurality of the pairs of the
thrust grooves 71A, 71B, 71C and the stoppers 23A, 23B,
23C are preferably provided (three pairs 1n the embodiment).

Consequently, in addition to the pair of the stopper 23C and
the stopper groove 71C described above, even 1n the other
pairs of the stoppers 23A, 23B and the stopper grooves 71A,
71B, the function of regulating the relative phase shiit angle
in the relative rotational movement of the driving-side rotary
clement 10 and the driven-side rotary element 20 can be
achieved. Accordingly, the stoppers 23A, 23B, 23C and the
stopper grooves 71 A, 71B, 71C of these pairs can improve the
reliability of the function of regulating the relative phase shift
angle described above. Even if there 1s a case where the
stopper 23C of the one pair 1s damaged, the normal operating
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state of the engine can be maintained, since the relative phase
shift angle can be regulated by the stoppers 23 A, and 23B of
the other pairs.

Further, 1n this case, 1t 1s preferable that a function to detect
a deviation relative to the predetermined relative phase shiit
angle 1s provided on the control device such as the control unit
30. Thereby the deviation described above which 1s caused by
the fact that the relative phase shift angle 1s regulated by at
least one of the stopper 23 A and the stopper 23B of the other
pairs, can be detected and thus a failure such as damage of the
stopper 23C can be detected.

Furthermore, 1n the plurality of pairs of the thrust grooves
71A, 71B, 71C, and the stopper 23A, 23B, 23C, respective
stoppers 23A, 23B, 23C are preferably arranged at substan-
tially equal intervals over the entire circumierence in the
relative rotational direction. Thereby the thrust clearance
indicating the thrust direction movement quantity of the
driven-side rotary element 20 relative to the drniving-side
rotary element 10 can be made uniform over the entire cir-
cumierence 1n the relative rotational direction.

Moreover, 1n the embodiment, respective stopper grooves
71A, 71B, 71C are formed on the inner periphery of the step
part 17 of the sprocket 13 1n the driving-side rotary element 10
having the gear member 12 and the sprocket 13, which 1s
dividable 1into two 1n the axial direction. The respective stop-
per grooves 71A, 71B, 71C are formed so as to be defined by
the axial end surfaces 25 of the grooves thereol and the axial
direction end surfaces 24 of the driving-side internal gear part
14. Accordingly, the axial end surface 24 of the driving-side
internal gear part 14 can be used as the thrust receiving
surface of the stoppers 23 A, 23B, 23C, while neighboring the
driving-side internal gear part 14 to the driven-side internal
gear part 22 having the stoppers 23A, 23B, and 23C 1n the
axial direction. By such arrangement, a relatively simple,
two-dividable structure can be made as a division assembling
structure for providing the thrust groove, while dividing the
driven-side rotary element 20 into two parts 1n the axial direc-
tion.

Accordingly, when the driving-side rotary element 10 1s
formed by assembling the gear member 12 and the sprocket
13, the stoppers 23A, 23B, 23C of the driven-side rotary
clement 20 can be easily interposed.

In the embodiment described above, the driving side exter-
nal gear part 52 and the driven side external gear part 54 of the
planetary gear 50 are provided with the planetary frame 40
which enables axial movement between the driving-side
internal gear part 14 and the driven-side internal gear part 22
inside the rotary elements 10, 20. However, they may be
structured so as to provide the urging member 68 which 1s
disposed 1n the thrust clearance (heremafter referred to as
“second thrust clearance™) existing between the planetary
frame 40 and the planetary gear 50. Accordingly, when the
external gear parts 52 and 54 are integrally operated 1n the
planetary motion while meshing the external gear parts 52, 54
with the internal gear parts 14, 22, the thrust direction move-
ment of the planetary gear 50 can be effectively restrained by
the urging member 68.

Further, in the embodiment, since the planetary gear 50 1s
urged by the urging force of the urging member 68 so as to
remove the second thrust clearance described above, the sec-
ond thrust clearance can be set within an clearance range 1n
which the urging force of the urging member 68 1s generated.
Therefore, 1t 1s not necessary to increase the part processing
precision 1n order to make the second thrust clearance
smaller.

Furthermore, the embodiment 1s structured so as to inter-
pose the planetary gear 50 between the engagement part 49
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and the urging member 68, and thus the urging force of the
urging member 68 can be surely added to the planetary gear
50. Accordingly, the thrust movement of the planetary gear 50
performing an eccentric movement can be effectively
restrained by the urging force generated 1in the urging member

08.

Second Embodiment

Hereinafter, descriptions are made about other embodi-
ments to which the present invention 1s applied. In the
embodiments described hereunder, components 1dentical or
equivalent to those 1n the first embodiment are referred to as
identical numerals and the descriptions thereol are not
repeated.

The first embodiment 1s described such that the stoppers
23A, 23B, and 23C of the driven-side rotary element 20 are
directly interposed between the gear member 12 and the axial
end surfaces 24 and 25 of the sprocket 13.

Contrary to this, the second embodiment 1s, as shown in
FIG. 7, structured such that a clearance adjusting member 90
1s provided to be interposed into a clearance between the axial
end surface 25 and the stoppers 23 A, 23B, and 23C 1n a space
between the axial end surfaces 24 and 25 above described.
FIG. 7 1s a partial Gross section showing the valve timing
controller according to the second embodiment.

As shown 1n FIG. 7, the clearance adjusting member 90
such as an annular shim or the like 1s provided in a clearance
between the axial direction end surface 24 of the driving-side
internal gear part 14 and the stopper 23C. The clearance
adjusting member 90 1s interposed 1n an axial space between
the axial end surface 24 and the axial end surtace 25 through
the stopper 23C. The clearance adjusting member 90 forms a
thrust clearance 1n the axial space.

Even 11 thus arranged, the same advantages as the first
embodiment can be obtained.

Further, 1n the embodiment, the thrust clearance can be
formed 1n a prescribed clearance by selecting an axial width
of the clearance adjusting member 90 in a predetermined
width, making 1t unnecessary to increase the part processing,
precision for making the second thrust clearance smaller.

Furthermore, the second embodiment is structured such
that the clearance adjusting member 90 1s mterposed in the
axial end surface 24 of the driving-side internal gear part 14.
The clearance adjusting member 90 can be formed 1n a simple
shape such as an annular shape, since the thrust receiving
surface thereof 1s not influenced by the shape of the thrust

grooves 71A, 718, 71C.

Third Embodiment

In the first embodiment, the thrust direction movement of
the driven-side rotary element 20 relative to the driving-side
rotary element 10 through the stopper 23 1s regulated by
interposing the stopper 23 into the thrust groove 71 formed
along the inner periphery part of the driving-side rotary ele-
ment 10 1n the axial direction.

Alternatively, in the third embodiment, as shown 1n FIG. 8,
the stopper 23 1s arranged to be interposed by the planetary
gear 50 1n a state the stopper 23 1s accommodated 1n the thrust
groove 71.

The stoppers 23 A, 23B, 23C of the driven-side rotary ele-
ment 20 are guided to the thrust grooves 71A, 71B, 71C of the
driving-side rotary element 10, and are accommodated in the
respective thrust grooves 71A, 71B, and 71C. It should be
noted that only one pair of the stopper 23C and the thrust
grooves 71C 1s shown 1n FIG. 8. Hereinafter, description 1s
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made of the one pair of the stopper 23C and the thrust groove
71C, and the descriptions of the other pairs are omitted.

As shown 1n FIG. 8, an axial direction end surface 124 of
the driving-side internal gear part 14 out of the axial direction
end surfaces 124 and 23 of the thrust groove 71C 1s spaced
from the stopper 23C 1n order not to contact with the end
surface 128 of the stopper 23C. Further, the axial end surface
53 of the driving side external gear part 32 of the planetary

gear 50 1s arranged so as to be contactable on the end surface
128 of the stopper 23C.

In other words, an clearance between the axial end surface
53 and the end surface 128 is set smaller than the clearance
between the axial end surface 124 and the end surftace 128.

The axial end surface 33 serves as a thrust recerving surface of
the stopper 23C.

By such arrangement, the stoppers 23 A, 23B, 23C can be
interposed 1n the axial direction by the interposing assembler
composed of the driving-side rotary element 10 and the plan-
ctary gear 50. In other words, the stopper 23 A, 23B, 23C can
be mterposed 1n the axial direction by the thrust grooves 71A,
71B, 71C, and the axial end surface 53 of the planetary gear
50. The advantage which 1s the same as that of the first
embodiment can be also obtained even 1n such arrangement
described above.

Furthermore, 1n the third embodiment, the planetary gear
50 (1n detail, the axial end surface 53 of the driving side
external gear part 52) achieves the function of the thrust-
receiving surface of the stoppers 23A, 23B, 23C in the plan-
ctary gear 50 accommodated between the element 10 and the
clement 20. A predetermined clearance can be secured
between the planetary frame 40 of the planetary gear 50 and
the fixed part 21 of the driven-side rotary element 20, as

shown 1n FIG. 8.

Moreover, the third embodiment 1s preferably structured so
as to provide the urging member 68 for reducing the thrust
clearance existing between the planetary frame 40 and the
planetary gear 50. Thereby the planetary gear 50 having the
external gear parts 52 and 54 1s restrained of its thrust direc-
tion movement by the urging member 68 when the external
gear parts 52 and 54 perform the planetary motion 1n integra-
tion while meshing the external gear parts 52 and 54 with the
internal gear parts 14 and 22.

Fourth Embodiment

In the third embodiment, the thrust recerving surface of the
planetary gear 50 which interposes the stoppers 23A, 23B,
and 23C 1s formed of the axial direction end surface 33 of the
driving side external gear part 52.

Alternatively, 1n a fourth embodiment, the function of the
thrust receiving surface described above 1s provided, as
shown 1n FI1G. 9, on an extension part 56 which 1s provided as
extending between the driving side external gear part 52 and
the driven side external gear part 34. It should be noted that,
FIG. 9 shows only one pair composed of the stopper 23C and
the thrust groove 71 C out of the stoppers described above for
drawing composition. Hereinafter, description 1s made of the
one pair of the stopper 23C and the thrust groove 71C, omiut-
ting the descriptions of the other pairs.

As shown in FI1G. 9, 1n the planetary gear 50, an extension
part 56 extends between the driving side external gear 52 and
the driven side external gear part 54 1n the radial direction.
The extension part 56 1s provided between the driving side
external gear part 52 and the driven side external gear part 54.
The extension part 56 extends in the radial direction along

both surfaces 124 and 128 of the thrust groove 71C.
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An axial end surtace 57 of the extension part 56 1s arranged
to be able to contact with the axial end surface 128 of the
stopper 23C, and constitutes the thrust-receiving surface of
the stopper 23C.

Even if thus arranged, the same advantages as the third
embodiment can be obtained.

Fitth Embodiment

A fitth embodiment 1s a modification of the third embodi-
ment. As shown 1n FIG. 10, 1n the fifth embodiment, as 1s
similar to the third embodiment, an axial end surtace 200 of
the driven-side internal gear part 22 including the end surface
128 contacts on the axial end surface 53. A micro thrust
clearance 1s formed between the end surfaces 53 and 200. The
planetary gear 50 and the driven-side rotary element 20 can
rotate relatively with each other.

Further, as shown in FIG. 10, 1n the fifth embodiment, an
outer race 210 of the bearing 43 1s press-fitted 1nto the inner
periphery side of a center hole 51 of the planetary gear 50. An
iner race 212 of the bearing 45 1s engaged with the outer
periphery side of the eccentric part 44 of the planetary frame
40. Thereby, the planetary gear 50 and the bearing 435 are
integrated to form a planetary rotary element 220. The plan-
ctary rotary element 220 1s supported by the planetary frame
40 1n a state where a micro clearance 1s formed between the
outer periphery 44a of the eccentric part 44 and the 1nner
periphery 45a of the inner race 212 of the bearing 45.

Furthermore, as shown in F1G. 11, 1n the fifth embodiment,
the planetary frame 40 supports the planetary rotary element
220 on an projection line L1 where a tooth bearing center C1
in the axial direction of the driven-side internal gear part 22
and the driven side external gear part 54 1s projected 1n the
radial direction. Moreover, also on a projection line L2 where
a tooth bearing center C2 1n the axial direction of the driving-
side 1nternal gear part 14 and the driving side external gear
part 52 1s projected 1n the radial direction, the planetary frame
40 supports the planetary rotary element 220. As a result, the
supporting portion of the planetary rotary element 220 1n the
planetary frame 40 1s surely positioned on the mner periphery
side of both of the tooth bearing centers C1 and C2. It should
be noted that 1n a schematic cross section of FIG. 11, in order
to make understanding of a characteristic portion easier, a
hatching, which shows a cross section, 1s omitted for conve-
nience.

In the supporting form of such characteristics, a radial load
F1 generated by engagement between the gear parts 22 and 54
acts on the planetary rotary element 220 along the projection
line L1 of the tooth bearing center C1, as shown in FIG. 11.
Further, a radial load F2 generated by engagement between
the gear parts 14 and 52 acts on the planetary rotary element
220 along the projection line L2 of the tooth bearing center
C2. Here, a reactive force F3 which balances with both of the
radial loads F1 and F2 1s given to the planetary rotary element
220 from the planetary frame 40, since the supporting portion
of the planetary rotary element 220 in the planetary frame 40
1s positioned on the inner periphery side of the centers C1 and
C2. As a result, the planetary rotary element 220 becomes
more difficult to incline relative to the normal axial direction
substantially parallel with the rotational axial line O. There-
fore, generation of the thrust load can be restrained between
the gear parts 22, 534 and the gear parts 14, 52.

Moreover, the axial end surface 33 of the driving side
external gear part 52 of the planetary gear 50 which comprises
the planetary rotary element 220 1s contacted on an axial end
surface 200 of the driven-side internal gear part 22. The
inclination of the planetary rotary element 220, and even
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generation of the thrust loads between the gear parts 22 and 54
as well as between the gear parts 14 and 52 can also be
restrained.

As described above, 1n the fifth embodiment, generation of
the thrust load between the gear parts 22 and 54 or between
the gear parts 14 and 52 1s restrained, and thereby shortening
of the lifetime of the bearing 45 subject to such thrust load can
be prevented. Further, due to the thrust load generation
restraining action, 1t becomes unnecessary to provide a dis-
location-stopper of the bearing 43 on a portion encircled by a
dotted line 230 1n FIG. 11 1n the bottom wall part 18 of the
gear member 12. According to the fifth embodiment, a reduc-
tion 1n size 1n the axial direction, a reduction 1n production
cost can be realized, simultaneously with high durability.

In addition, in the fifth embodiment, the planetary motion
of the planetary rotary element 220 1s performed without
obstruction because of the restraining of the inclination of the
planetary rotary element 220, thereby causing maintenance
of the normal relative rotational movement state by the plan-
ctary motion.

Other Embodiment

The present invention can be applied and implemented in a
variety ol embodiments within the scope without departing
from the spirit of the present invention.

(1) In the embodiment above described, description 1s
made of the valve timing controller 1 for adjusting valve
timing of the intake valve. The present invention may also be
applied to a device for adjusting valve timing of the exhaust
valve, and a device for adjusting the valve timing of both of
the intake valve and the exhaust valve. Besides, in the
embodiment above described, description 1s made of the
valve timing controller 1 in which the rotary element 10 1s
linked to a motion of the crankshaft and the rotary element 20
1s linked to a motion of the camshaift 2. However, 1t may be
arranged such that the rotary element 10 1s linked to a motion
of the camshait 2 and the rotary element 20 1s linked to a
motion of the crankshaft.

(2) Besides, in the embodiment above described, the driv-
ing-side internal gear part 14 and the driven-side internal gear
part 22 which are neighbored 1n the axial direction are mutu-
ally contacted. However, the present embodiment 1s not lim-
ited thereto. These driving-side mternal gear part 14 and
driven-side internal gear part 22 may be arranged 1n the axial
direction with a clearance therebetween.

(3) Besides, the embodiment above described 1s provided
with the urging member 68 for urging the planetary gear 50
toward the support member (planetary frame) 40 for axially
movably supporting. The embodiment 1s not limited thereto.
The urging member 68 may not be provided.

(4) Besides, the embodiment above described 1s structured
such that the stoppers 23 A, 23B, 23C are provided as extend-
ing on the driven-side rotary element 20, and the thrust
grooves 71A, 71B, and 71C are formed on the driving-side
rotary element 10. The embodiment 1s not limited thereto.
The stopper 2 may be provided as extending on the driving
side rotary element, and the thrust groove may be formed on
the driven side rotary element.

(5) Besides, the embodiment described above 1s structured
such that the interposing assembler for interposing the stop-
pers 23A, 23B, 23C 1n the axial direction 1s provided on the
driving-side rotary element 10 for interposing them into the
thrust grooves 71A, 71B, and 71C. Alternatively, the inter-
posing assembler 1s provided on the driving-side rotary ele-
ment 10 and the planetary gear 50 for interposing 1t by the end
surfaces 53 and 57 of the planetary gear 50 and the thrust
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grooves 71A, 71B, 71C. However, the embodiment 1s not
limited to such arrangements. As long as there 1s provided an
interposing assembler which relatively rotatably interposes
the stopper extending on either one of the element 10 and the
clement 20 1n the axial direction, any structure of the inter-
posing assembler provided either on the other rotary element
or between the other rotary element and the planetary gear
may be used.

(6) Besides, 1n the embodiment described above, a plurality
of pairs of the stoppers 23 A, 23B, 23C of the stopper grooves
71A,71B, 71C are provided. However, the embodiment 1s not
limited thereto. A plurality of stoppers may be provided irre-
spective of the number of the stopper grooves (refer to FIG.
12). In this case, the plurality of stoppers can be provided at
equal intervals 1n the relative rotational direction. Even with
such arrangement, the thrust clearances indicating the thrust
direction movement quantity of the driven-side rotary ele-
ment 20 relative to the driving-side rotary element 10 can be
made uniform over the entire periphery 1n the relative rota-
tional direction.

(7) Besides, the embodiment described above 1s structured
to include the dividing rotary element for dividing the driv-
ing-side rotary element 10 into two pieces 1n the axial direc-
tion and define the thrust groove by the axial end surface 24 of
the driving-side internal gear part 14 of the fixed member 13
which 1s the one dividing rotary element. The structure 1s not
limited thereto. The dividing rotary element may be of any
structure so long as the thrust groove 1s defined by the two
axial end surfaces of the dividing rotary element.

(8) Further, 1n the second embodiment described above, the
clearance adjusting member 90 1s provided 1n the clearance
between the axial end surface 24 of the driving-side internal
gear part 14 and the stopper 23C. The structure 1s not limited
thereto. The clearance adjusting member 90 may be a clear-
ance between any of the axial end surfaces and the stopper

part 14 so long as the axial end surfaces of the dividing rotary
clement 1s used.

(9) Furthermore, 1n the embodiment above described, the
gear member 12 including the driving side inside gear part 14
and the bottom wall part 18 15 screwed on the sprocket 13 1n
a state where the driving side inside gear part 14 and the
bottom wall part 18 are formed in integration. The outer
circumierence wall of the driving side 1nside gear part 14 1s
engaged with the inner circumference wall of the larger diam-
eter portion 15 of the sprocket 13. The gear member 12 1s not
limited to the one formed by the driving side inside gear part
14 and the bottom wall part 18 in integration, and may be
structured so as to form the driving side 1nside gear part and
the bottom wall part as separate parts. For example, as shown
in FIG. 13, the gear member 12 may be structured such that
the dniving side inside gear part 114 and the bottom wall part
118 are formed with separate members. The driving side
inside gear part 114 1s mterposed and screwed between the
bottom wall part 18 and the larger diameter portion 135 of the
sprocket 13.

(10) Moreover, 1n the embodiment described above, the
stoppers 23A, 23B, 23C of the driven-side rotary element 20
are interposed in the axial direction by the thrust grooves 71 A,
71B, 71C provided on the sprocket 13 as the driving-side
rotary element 10 and the axial end surface 53 of the driving,
side external gear part 32 as the planetary gear 50. The plan-
ctary gear 50 contacts with the engagement part 49 provided
on the planetary frame (supporting member) 40 through the
bearing 45. The axial end surface 53 of the drniving side
external gear part 52 effectively achieves the function of the
thrust-receiving surface of the stoppers 23A, 23B, 23C.
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In contrast, for example, as shown 1n FIG. 13, when an
axial clearance 1s produced between the bearing 45 and the
engagement part 149, an end part 35 opposite to the axial end
part 153 of the drniving side external gear part 52 1s designed
to be contacted on the bottom wall part 118. The axial end part
153 can effectively achieve the function of the thrust recerv-
ing surface of the stoppers 23A, 238, 23C.

(11) In a case where the axial clearance 1s produced
between the bearing 45 and the engagement part 45 as
described above, the second thrust clearance between the
planetary frame 40 and the planetary gear 50 can be reduced
by a way that the opposing end part 55 1s contacted on the
bottom wall part 118. This method may also be applied to
another embodiment corresponding, for example, to the first
embodiment (refer to FIG. 14). It should be noted that, in FIG.
14, the axial end surface 24 of the driving-side internal gear
114 achieves the function of the thrust-receiving surface of
the stoppers 23 A, 23B, 23C. A clearance 1s provided between
the axial end part 253 and the axial end surface 28.

(12) In the fifth embodiment, the size relationship between
the diameters of the internal gear parts 14 and 22 mutually
deviating 1n the axial direction may be reversed from the one
shown 1 FIG. 10. The size relationship between the diam-
cters of the external gear parts 52 and 34 mutually deviating
in the axial direction may also be reversed from the one shown
in F1G. 10. Further, 1in the fifth embodiment, at least one of the
external gear parts 52 and 54 and at least one of the internal
gear parts 14 and 22 corresponding thereto may be respec-
tively modified with the internal gear parts and the external
gear parts.

(13) In the fifth embodiment, mnstead of providing the bear-
ing 45, the planetary gear 50 may be structured to be directly
supported by the planetary frame 40 to position the support-
ing portion on the mnner periphery side of the tooth bearing
centers C1 and C2. Further, 1n the fifth embodiment, the inner
race 212 of the bearing 45 1s press-fitted 1nto the outer periph-
ery side of the planetary frame 40. The outer race 210 of the
bearing 45 may be structured to be engaged with the inner
periphery side of the planetary gear 50, thus supporting the
planetary gear 50 on the inner periphery side of the tooth
bearing centers C1 and C2 by the bearing 45 integral with the
planetary frame 40.

(14) In the fifth embodiment, the axial end surface 200 of
the driven side gear part 22 1n the driven-side rotary element
20 may be structured not to contact with the axial direction
end surface 53 of the driving side external gear part 52.
Furthermore, in the fifth embodiment, the driving-side rotary
clement 10 may be structured to contact with the axial end
surface of the driving side external gear part 52, as shown 1n
FIGS. 13 and 14. Further, the rotary elements 10 and 20 may
be structured to contact with the axial end surface of the
driven side external gear part 54 (not shown).

While only the selected example embodiments have been
chosen to 1llustrate the present invention, 1t will be apparent to
those skilled i1n the art from the disclosure that various
changes and modifications can be made therein without
departing from the scope of the invention as defined in the
appended claims. Furthermore, the foregoing description of
the example embodiments according to the present invention
1s provided for illustration only, and not for the purpose of
limiting the mvention as defined by the appended claims and

their equivalents.
What 1s claimed 1s:

1. A valve timing controller for controlling a valve timing
of at least one of an intake valve and an exhaust valve which
1s opened/closed by a camshait by torque transmitted from a
crankshaft, comprising:
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a first rotary element including a first gear part for rotating,
in response to one of the crankshait and the camshaft;

a second rotary element including a second gear part neigh-
boring to the first gear part in the axial direction for
rotating in response to the other of the crankshait and the
camshaft;

a third rotary element including a third gear part and a

fourth gear part, the third gear part and the fourth gear
part being meshed respectively with the first gear part
and the second gear part and performing a planetary
motion to vary a relative rotational phase between the
first rotary element and the second rotary element;

a stopper radially extending 1n one rotary element of the
first rotary element and the second rotary element for
regulating a relative rotational phase shift angle between
the first rotary element and the second rotary element;
and

an interposing assembler provided either at an other rotary
clement of the first rotary element and the second rotary
clement or between the other rotary element and the
third rotary element for rotatably interposing the stopper
of the one rotary element 1n the axial direction.

2. A valve timing controller according to claim 1, wherein

the stopper circularly extends inside of the interposing
assembler along the relative rotational direction.

3. A valve timing controller according to claim 1, wherein

a plurality of the stoppers are arranged 1n the interposing

assembler over the circumierential direction.

4. A valve timing controller according to claim 3, wherein:

the plurality of the stoppers are arranged at equal intervals

over the entire circumierence 1n the relative rotational
direction.

5. A valve timing controller according to claim 1, wherein
the interposing assembler has a thrust groove extending 1n the
circumierential direction along with the relative rotational
direction of the stopper.

6. A valve timing controller according to claim 5, wherein

a plurality of sets of the thrust grooves and the stoppers are
provided.

7. A valve timing controller according to claim 5, wherein

the interposing assembler includes a dividing rotary ele-
ment which divides the other rotary element 1nto two
pieces 1n the axial direction; and

the thrust groove 1s defined by two end surfaces of the

dividing rotary element opposing with each other.

8. A valve timing controller according to claim 7, wherein

a clearance adjusting member 1s provided between the end

surfaces to be interposed between either one of the end
surfaces and the stopper.

9. A valve timing controller according to claim 5, wherein
the thrust groove 1s open so as to extend 1n the circumierential
direction along an inner wall of the other rotary element.

10. A valve timing controller according to claim 3, wherein
the interposing assembler 1s formed of the other rotary ele-
ment and the third rotary element; and

the stopper 1s interposed 1n the axial direction between the

third rotary element and the end surface at the opposite
side of the third rotary element out of the end surfaces of
the thrust groove 1n a state where the stopper 1s accom-
modated 1nto the thrust groove.

11. A valve timing controller according to claim 1, wherein
the third rotary element 1s a planetary gear accommodated
between the first rotary element and the second rotary ele-
ment.

12. A valve timing controller according to claim 11,
wherein
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an axial movement of the stopper 1s regulated by any one of
an axial end surface of the gear part provided on the
other rotary element, an axial end surface of either one of
the third gear part and the fourth gear part of the third
rotary element, and an extension part extending between
the third gear part and the fourth gear part.

13. A valve timing controller for controlling a valve timing
of at least one of an intake valve and an exhaust valve which
1s opened/closed by a camshait by torque transmitted from a
crankshaft, comprising:

a first rotary element including a first gear part for rotating,
in response to one of the crankshait and the camshatit;

a second rotary element including a second gear part neigh-
boring to the first gear part in the axial direction for
rotating 1n response to the other of the crankshait and the
camshatt: and

a third rotary element including a third gear part and a
fourth gear part, the third gear part and the fourth gear
part being meshed respectively with the first gear part
and the second gear part and performing a planetary
motion to vary a relative rotational phase between the
first rotary element and the second rotary element;

a stopper provided so as to radially extend in one rotary
clement of the first rotary element and the second rotary
clement for regulating a relative rotational phase shiit
angle between the first rotary element and the second
rotary element; and

an interposing assembler provided at the other rotary ele-
ment of the first rotary element and the second rotary
clement for rotatably interposing the stopper of the one
rotary element 1n the axial direction.

14. A valve timing controller according to claim 13,
wherein:

the interposing assembler includes a dividing rotary ele-
ment which divides the other rotary element into two
pieces 1n the axial direction and integrates them into one
piece and a thrust groove defined by two end surfaces of
the dividing rotary element opposing with each other;
and

the thrust groove 1nterposes the stopper 1n the axial direc-
tion.

15. A valve timing controller for controlling a valve timing
of at least one,

of an intake valve and an exhaust valve which 1s opened/
closed by a camshaft by torque transmitted from a crank-
shaft, comprising:

a first rotary element including a first gear part for rotating,
in response to one of the crankshait and the camshatft;

a second rotary element including a second gear part neigh-
boring to the first gear part in the axial direction for
rotating 1n response to the other of the crankshait and the
camshatt: and

a third rotary element including a third gear part and a
fourth gear part, the third gear part and the fourth gear
part being meshed respectively with the first gear part
and the second gear part and performing a planetary
motion to vary a relative rotational phase between the
first rotary element and the second rotary element;

a stopper radially extending in one rotary element of the
first rotary element and the second rotary element for
regulating a relative rotational phase shift angle between
the first rotary element and the second rotary element;
and

an interposing assembler structured by the other rotary
clement of the first rotary element and the second rotary
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clement and the third rotary element for rotatably inter-
posing the stopper of the one rotary element 1n the axial
direction.

16. A valve timing controller according to claim 15,
wherein: 5
the interposing assembler includes a dividing rotary ele-
ment which divides the other rotary element into two
pieces 1n the axial direction and integrates them into one
piece and a thrust groove defined by two end surfaces of

the dividing rotary element opposing with each other; 10
and
the interposing assembler interposes the stopper in the
axial direction between the third rotary element and the
end surface of the thrust groove 1n a state where the
stopper 1s accommodated 1n the thrust groove. 15
17. A valve timing controller for adjusting a valve timing of
at least one of an intake valve or an exhaust valve which 1s

opened/closed by a camshait by torque transmitted from a
crankshaft, comprising;:

20

part being meshed respectively with the first gear part
and the second gear part and performing a planetary
motion to vary a relative rotational phase between the
first rotary element and the second rotary element; and

a planetary frame for supporting the planetary rotary ele-

ment 1 such a manner as to perform the planetary
motion at the inner periphery side of both of a first center
and a second center, 1n a case that a tooth bearing center
with the first gear part and the third gear part 1n the axial
direction 1s made as a first center, and a tooth bearing
center with the second gear part and the fourth gear part
in the axial direction 1s made as a second center.

18. A valve timing controller according to claim 17,
wherein:

the planetary frame supports the planetary rotary element

on a projection line 1n the radial direction of the first
center and on a projection line in the radial direction of
the second center.

19. A valve timing controller according to claim 17,

a first rotary element including a first gear part for rotating 20 wherein:

in synchronization with the camshatt,

a second rotary element including a second gear part for
rotating 1n response to the crankshatt,

a planetary rotary element including a third gear part and a
fourth gear part, the third gear part and the fourth gear

the first rotary element or the second rotary element rotat-

ably contacts with an end surface 1n the axial direction of
at least one of the third gear part and the fourth gear part.
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